Objectives-To compare the abilities of ultrasonography (US) and magnetic resonance imaging (MRI) in diagnosing silicone lymphadenopathy.
B
reast augmentation is the most commonly performed cosmetic procedure in the United States. 1 In 2014, more than 1.3 million breast augmentation procedures were performed worldwide. 1 Silicone breast implants are frequently used for cosmetic and reconstructive breast surgery. 2 Several case reports and case series have shown lymphadenopathy related to implant ruptures and silicone leakage. [3] [4] [5] [6] [7] [8] [9] [10] Bauer et al 3 identified 18 cases of silicone-induced lymphadenopathy. In these cases, lymph node biopsies or breast implant removal confirmed the diagnosis, with characteristic granulomatous inflammation in the nodes of implant ruptures. Detecting silicone lymphadenopathy is clinically important, since it can result in inflammation, neuropathy, and, in rare cases, systemic disorders. 3, 11 Moreover, silicone leakage to lymph nodes can sometimes mimic malignancy; Grubstein et al 4 reported 4 patients who were suspected of having malignant lymph nodes and found to have silicone lymphadenopathy. Silicone migration can occur because of gel bleeding in the absence of implant rupture. 12 The most sensitive and specific sign of silicone implant rupture on ultrasonography (US) is the snowstorm sign. 13 This sign consists of a generalized increase in echogenicity within a group of focal nodules in the breast tissue, as well as loss of normal parenchymal interfaces resulting from dispersion of the US beam. The nodules represent silicone granulomas lying outside the confines of the fibrous capsule.
14 Although the snowstorm sign usually refers to the detection of implant rupture, we found scarce case reports describing the sign in silicone lymphadenopathy. 4, 15 Magnetic resonance imaging (MRI) is considered the reference standard in the assessment of breast implant ruptures.
14 However its accuracy in the detection of extracapsular silicone and migrated silicone is not clear. 16, 17 Our literature search did not find any studies evaluating the association between the MRI silicone signal and pathologically proven silicone lymphadenopathy. The purpose of this study was to compare the accuracy of US and MRI in diagnosing silicone lymphadenopathy in patients with silicone breast implants.
Materials and Methods

Study Protocol
Institutional review board approval was obtained for this retrospective study, and informed consent was waived. A computerized search of our institution's patient database was conducted in 2017. To be eligible, patients had to have silicone breast implants and to have undergone US-guided lymph node core needle biopsy during the study period of December 2011 to May 2017. Exclusion criteria were women who did not undergo biopsy for various reasons and biopsies that were performed on a non-lymph node breast mass and not a lymph node. Our picture archiving and communication system (Carestream Vue; Carestream Health, Rochester, NY) was searched for concurrent MRI examinations that included the MRI silicone signal (T2 silicone-suppressed acquisition sequence) and were conducted up to 1 year before the biopsy. Data collected from patient medical records included patient age, reason for breast augmentation (postmastectomy versus cosmetic breast enlargement), implant age, and presence and side of breast cancer.
A senior pathologist (A.Y.) biopsied the specimens and determined the pathologic diagnosis. The degree of silicone in the involved nodes was estimated, and 2 histologic categories were chosen: (1) nodes with scarce silicone-containing granulomas and preservation of the lymph node structure and (2) nodes that had multiple silicone-containing granulomas, almost replacing the normal lymph node structure.
All US examinations were interpreted in consensus by 2 radiologists, an experienced breast radiologist (M.S.-L.) with 17 years of experience and a senior radiologist (E.K.). The study readers were blinded to the pathologic results. Each interpretation noted the morphologic appearance of the lymph nodes, which were described as having a widened cortex, being completely hypoechoic, or showing the snowstorm sign. The study readers measured the short-and long-axis diameters of each biopsied node.
Included MRI examinations were also interpreted in consensus by the study radiologists. Lymph nodes in the MRI examinations were matched to the US biopsied nodes on the basis of the location, appearance, and size of the node. Lymph nodes with increased echogenicity as well as loss of normal parenchymal interfaces on US were identified as showing snowstorm sign ( Figure 1 ). The presence of a silicone signal in lymph nodes on MRI was based on the T2 silicone-suppressed acquisition sequence, which was shown as hypointense foci within a normally bright lymph node ( Figure 2B ). The MRI morphologic characteristics of the nodes were also evaluated for the presence of a fatty hilum versus an absent hilum and the presence of a smooth cortex versus lobulated a cortex on a T2 non-fat-saturated series. An assessment of breast implant ruptures was also conducted in the MRI examinations.
Ultrasonographic and Core Needle Biopsy Protocols
Breast US examinations included bilateral breast US scans and bilateral scans of the axilla. The breast US was performed by a radiologist physician using a handheld device. A linear transducer was used for all examinations (14-5 or 18-6 MHz, Acuson S2000; Siemens Medical Solutions, Malvern, PA). Axillary lymph node biopsy was always a Tru-Cut core needle biopsy using a springloaded biopsy gun (Magnum reusable core biopsy system; C. R. Bard, Inc, Tempe, AZ) and a 14-gauge needle. The number of samples ranged from 2 to 5, with an average of 3
Breast MRI Protocol
Magnetic resonance imaging examinations were performed on a 1.5-T system (Signa Excite HDX; GE Healthcare, Milwaukee, WI) with a dedicated double breast coil (8 channels) and a standard dynamic and implant bilateral breast MRI protocol. A dynamic contrast-enhanced T1-weighted 3-dimensional axial vibrant multiphase with the following parameters was used: repetition time/echo time, 5.4/2.6 milliseconds; flip angle, 15 8; bandwidth, 83.3 kHz; matrix, 512 3 364, field of view, 340 mm; section thickness, 2 mm; and no intersection gap.
Statistical Analysis
The statistical analysis was performed with SPSS Statistics version 20.0 software (IBM Corporation, Armonk, NY). The Fisher exact test was used to evaluate the statistical association between both the US snowstorm sign and the MRI silicone signal for detecting the presence of silicone in lymph nodes. The sensitivity and specificity of the US snowstorm sign and the MRI silicone signal in diagnosing silicone lymphadenopathy were calculated. The statistical difference in sensitivities between US and MRI was evaluated by the Fisher exact test. The MannWhitney U test was used to compare the length and width of silicone-containing nodes to those of reactive and malignant nodes. P < .05 was considered to indicate a significant difference.
Results
A search for women with silicone breast implants who were scheduled to undergo lymph node biopsy yielded 57 women. Eighteen women were excluded for not meeting study criteria: in 3 cases, the biopsy was performed for a breast mass and not for a lymph node; in 15 cases, patients were identified in our search because a biopsy was recommended, but they did not have the examination in our institution. Two women underwent biopsy of 2 nodes; accordingly, 39 women with 41 lymph node biopsies were included in the study. Lymph node biopsies were conducted for routine malignancy follow-up (20 patients), symptoms including a palpable lump and axillary pain (13 patients), post-breast enlargement follow-up (3 patients), and abnormal mammographic findings (3 patients). The demographics of the study population are presented in Table 1 .
A search of our picture archiving and communication system revealed that 18 of 41 (43.9%) nodes were evaluated by MRI in the 1 year before biopsy. In the US group, 23 patients had a cancer history; 1 patient underwent protective mastectomy; and 15 patients had implants for cosmetic reasons. In the MRI group, 7 patients had a cancer history; 1 patient had protective mastectomy; and 10 patients had implants for cosmetic reasons.
Pathologic results revealed that of the 41 biopsied lymph nodes, 8 (19.5%) showed a typical siliconeinduced granulomatous reaction; 29 (70.7%) showed reactive changes; and 4 (9.8%) showed that carcinoma had spread to the node. Of the 18 nodes that were also evaluated by MRI, 5 (27.8%) showed a typical siliconeinduced granulomatous reaction; 11 (61.1%) showed reactive changes; and 2 (11.1%) showed that carcinoma had spread to the node. Thirty-six of 41 (87.8%) lymph nodes were axillary, and 5 (12.9%) were intramammary. One intramammary lymph node showed siliconeinduced changes on biopsy and the snowstorm sign on US, and the other 4 intra-mammary nodes were reactive. The study radiologists identified the snowstorm sign in 7 of 41 (17.1%) lymph nodes.
The comparison between the presence of the snowstorm sign and pathologic results showed that 7 of 8 (87.5%) silicone-containing nodes showed the snowstorm sign, whereas none (0.0%) of the reactive and malignant nodes showed the snowstorm sign (P 5 .0001). One of 5 (20.0%) silicone-containing node evaluated by MRI showed the silicone signal compared to none (0.0%) of the reactive and malignant nodes (P 5 .278). The node that showed the MRI silicone signal also showed the snowstorm sign.
The single node that did not show the snowstorm sign had scarce granulomas on histologic analysis and retained the node structure, whereas the nodes that showed the snowstorm sign and MRI silicone signal had multiple silicone-containing granulomas, almost replacing the normal lymph node structure.
The sensitivity and specificity of the snowstorm sign in diagnosing silicone lymphadenopathy were 85.7% (95% confidence interval, 47.35%-99.68%) and 100% (95% confidence interval, 89.42%-100.00%), respectively, whereas those of the MRI silicone signal were 20.0% (95% confidence interval, 0.51%-71.64%) and 100% (95% confidence interval, 75.29%-100%), respectively. The sensitivity of US was found to be significantly higher than that of MRI (P 5 .03). Figure 1 illustrates a sonogram of a lymph node showing the snowstorm sign and the corresponding pathologic specimen. Figure 2 presents the single lymph node that showed both the snowstorm sign on US and the MRI silicone signal. Figure 3 shows the hypoechoic appearance of a lymph node that showed silicone in the biopsy and the corresponding pathologic specimen. Figure 4 presents another example of a silicone-containing node showing the snowstorm sign in a patient who underwent an investigation for axillary and mediastinal lymphadenopathy.
Regarding US morphologic characteristics of the non-silicone-containing lymph nodes, in the reactive group, 11 of 29 (37.9%) were completely hypoechoic, whereas 18 (62.1%) showed a widened cortex. All of the malignant nodes (4 of 4 [100%]) were completely hypoechoic. The single silicone node that did not show the snowstorm sign was completely hypoechoic as well.
The MRI morphologic characteristics of the lymph nodes showed that 4 of 11 (36.7%) reactive nodes and 1 of 5 (20.0%) silicone-containing nodes had a fatty hilum and a smooth cortex; 1 of 11 (9.1%) reactive nodes and 1 of 2 (50.0%) carcinoma-containing nodes had a fatty hilum and a lobulated cortex; 5 of 11 (45.5%) reactive nodes and 4 of 5 silicone-containing nodes had an absent hilum and a smooth cortex; and 1 of 11 (9.1%) reactive nodes and 1of 2 (50.0%) carcinoma-containing nodes had an absent hilum and a lobulated cortex.
Implant rupture in MRI was evident in 3 of 18 (16.7%) patients. All ruptures were intracapsular. Only 1 rupture showed ipsilateral silicone lymphadenopathy, which was observed both as the snowstorm sign on US and as the silicone signal on MRI.
The US short-and long-axis diameters of the lymph nodes are presented in Table 2 . Silicone-containing nodes were found to be larger than reactive and malignant nodes, although the difference was not statistically significant for width (P 5 .082) or length (P 5 .431).
Discussion
Breast augmentation continues to be the most common cosmetic surgical procedure, and silicone is the most commonly used material in breast implants. 18 Rupture of the implant leading to silicone leakage is one of the most serious complications of silicone implants, although leakage can also occur in intact implants. 5 The snowstorm sign is the most accurate US sign for extracapsular implant ruptures, 13 but only 2 published case studies mentioned the snowstorm sign in silicone lymphadenopathy, 4, 15 and no studies evaluated the ability of US to diagnose silicone lymphadenopathy. Although MRI is the primary modality used for the evaluation of silicone implants, 14 no studies evaluated the association between biopsy-proven silicone lymphadenopathy and the MRI silicone signal. In this study, we compared biopsy-proven silicone lymphadenopathy to both the US snowstorm sign and the MRI silicone signal.
Although the US snowstorm sign showed a high level of accuracy for the diagnosis of silicone lymphadenopathy, with sensitivity and specificity of 85.7% and 100% respectively, the MRI silicone signal showed low sensitivity of 20.0%, albeit high specificity of 100%. The single silicone-containing lymph node that did not show the snowstorm sign or the MRI silicone signal had only scarce silicone-containing granulomas and maintained the lymph node structure. In comparison, lymph nodes that showed the snowstorm sign had multiple siliconecontaining granulomas, almost replacing the normal lymph node structure. This finding indicates that the appearance of the silicone snowstorm sign may be related to the amount of silicone in the node. The single node that showed the MRI silicone signal sign was larger in comparison to other nodes (long axis, 28 mm; short axis, 17 mm).
The higher sensitivity of the US snowstorm sign in comparison to the MRI silicone signal (P 5 .03) most likely reflects the differences in the associations between the physical properties of silicone-containing granulomas in the different imaging modalities. Small amounts of silicone in granulomas can cause dispersion of US waves, whereas relatively larger amounts of silicone, usually seen in larger nodes, are needed to be depicted on MRI.
This study had some limitations which have to be pointed out. The small patient population and the retrospective nature of the study limit the study results, as the sensitivity of the evaluated imaging techniques had large confidence intervals. The MRI examinations included in the study were performed up to 1 year before the USguided biopsies, and perhaps US showed silicone that had not leaked to the nodes yet at the time of MRI.
In conclusion, the US snowstorm sign is much more sensitive for silicone lymphadenopathy than the MRI silicone signal. In cases of suspected silicone lymphadenopathy, the use of US in addition to MRI should be contemplated. 
